We report a 20-year-old female with features evocative of Turner syndrome (short stature, broad trunk, mild webbed neck), dysmorphic face, minor features of holo-prosencephaly (HPE), small hands and feet, excessive hair growth on anterior trunk and intellectual disability. Cytogenetic analysis identified a pseudodicentric 14;18 chromosome. Genome wide single nucleotide polymorphism (SNP) array showed a terminal deletion of approximately 10.24 Mb, from 18p11.32 to 18p11.22, flanked by a duplication of approximately 1.15 Mb, from 18p11.22 to 18p11.21. In addition, the SNP array revealed a duplication of 516 kb in 16p11.2. We correlated the patient's clinical findings with the features mentioned in the literature for these copy number variations. This case study shows the importance of microarray analysis in the detection of cryptic chromosomal rearrangements in patients with intellectual disability and multiple congenital anomalies.
INTRODUCTION

Monosomy 18p was first reported in 1963 by de
Grouchy et al. [1] and has an incidence of 1:50,000 live-born infants [2] . About two-thirds of cases are de novo deletions, one-sixth are due to de novo translocations between the long arms of an acrocentric and 18q, and the rest come from familial translocations, inversions, complex translocations or direct transmission [3] . The main clinical features of monosomy 18p are mild to moderate intellectual disability (ID), postnatal growth retardation, and dysmorphic features including ptosis, hypertelorism, strabismus, broad flat nose, micrognathia, and low-set large ears [4] . We report on a girl with ID, mild dysmorphic face and masculine body habitus who had a de novo 14;18 translocation. Copy number analysis with single nucleotide polymorphism (SNP) array detected a terminal deletion flanked by a duplication on 18p and a duplication of 16p11.2.
MATERIALS AND METHODS
Case Report. The patient is a 20-year-old female, the first child of non consanguineous, healthy Caucasian parents (mother was 24 years old and father was 27 years old when the proband was born). There was no family history of ID, congenital anomalies or psychiatric disorders. The pregnancy was uneventful; she was born at term by normal delivery with a birth weight of 2,200 g (below the 3rd percentile), length and head circumference were not recorded. All de-velopmental milestones were delayed: she achieved head control at 6 months, walked without support at 2 years, spoke first clear words at 1.5 years. The girl was referred for genetic evaluation at the age of 5.5 year old, due to ID and single central maxillary incisor. Her growth parameters were: height 95.5 cm [-3.68 standard deviation (SD)], weight 13 kg (-2.48 SD), and head circumference 47 cm (-2.76 SD). She had a triangular face, horizontal palpebral fissures, blue sclera, short, slightly protruding philtrum and upper lip, blunted Cupid's bow, slightly everted lower lip, mild microretrognathia, bilateral preauricular sinus (Figure 1 ). Oral cavity examination showed absent maxillary and mandibular frenulum and single central maxillary incisor. Her language was limited to single words (she could not produce sentences). She had nocturnal and diurnal enuresis, for which she received therapy. No hearing impairment has been identified. Echocardiography showed an atrial septal defect. Abdominal ultrasound, routine biochemical and hematological tests, endocrine investigations [growth hormone (GH), free thyroxine (T4), thyroid-stimulating hormone (TSH)] were normal. No metabolic tests have been performed. Cranio-cerebral computed tomography (CT) scan and magnetic resonance imaging (MRI) of the spine did not show any changes.
When examined at the age of 20, her height was 147 cm (-2.89 SD), weight was 43 kg [-1.76 SD, body mass index (BMI) 19.9 kg/m 2 ), and head circumference was 53 cm (-1.75 SD). We have noticed her standing and walking position (leaning slightly forward, with widened base of support), as well as slowness in motion and action. The face became elongated, mature for age, with slightly coarse features ( Figure 2 ). She had mild webbed neck, broad chest and narrow hips, normal posterior hairline, kyphoscoliosis, pectus excavatum, short and wide hands and feet (below the 3rd percentile), with mild brachy dactyly. Puberty was normal, but she developed asymmetric mammary glands and excessive hair growth in pre-sternal, circumareolar and subumibilical regions (Ferri-man-Gallwey score of 2). Psychological testing established a moderate ID (IQ 45), with impaired speech and language skills, difficulties with interpersonal relationships and oppositional behavior. She presented giggle incontinence. Endocrine investigations were as follows: normal levels of follicle-stimulating hormone (FSH), luteinizing hormone (LH), estradiol, prolactin, elevated plasmatic levels of testosterone, dehydroepiandrosterone (DHEA)-sulfate, and 17-hyroxyprogesterone (OH). Cytogenetic Studies. The chromosome analysis was performed for the patient and her parents using the G-banding technique on metaphase chromosomes from peripheral blood lymphocytes, according to standard protocol. Chromosome C-banding was performed by the standard BSG (barium hydroxide/saline solution/Giemsa) method [5] with slight modifications.
Single Nucleotide Polymorphism Array. Genomic DNA was purified from peripheral blood using Wizard Genomic DNA Purification Kit (Promega Corp., Madison, WI, USA). The SNP array was performed using Human CytoSNP-12 v2.1 BeadChip platform (Illumina Inc., San Diego, CA), containing approximately 300,000 SNPs per sample, according to the manufacturer's instructions. The data were processed using Genome Studio V2010.1 software (Illumina). Genomic positions were defined according to the GRCh37/hg19 Assembly of the Human Genome (February 2009).
RESULTS
The cytogenetic G-banding revealed an unbalanced translocation between chromosomes 14 and 18 ( Figure 3 ). The C-banding showed two centromeres on the derivative chromosome; in all metaphases examined the 14 chromosome centromere was inactivated ( Figure 4) . Thus, the karyotype was 45,XX,psu dic(14;18)(p11.1;p13. 
DISCUSSION
We describe a female patient with some signs of Turner syndrome, mild dysmorphic face, minor features of holoprosencephaly (HPE), small hands and feet, excessive hair growth on anterior trunk and ID. The karyotype showed an unbalanced translocation between chromosomes 14 and 18 resulting in the formation of a dicentric derivative chromosome. Single nucleotide polymorphism array analysis revealed three abnormalities: an 18p deletion flanked by a duplication, and a 16p11.2 duplication. The translocation is de novo as both parents had a normal karyotypes. Non Robertsonian dicentric autosomes are rare findings, reported in only 26 cases in a review by Lemyre et al. [6] . The majority of cases involve the acrocentric chromosomes, with a short arm breakpoint, followed in frequency by chromosome 18. Most of the heterodicentric autosomes have only one primary constriction on metaphase chromosomes, and the constriction is noticed mostly at the site of the non-acrocentric centromere [6] , as in our case.
Deletions of p arms of acrocentrics containing nucleolus organizer regions (NOR) regions are not known to be associated with phenotypic anomalies, and have therefore probably not contributed to the phenotype. Also, the 1.15 Mb 18p duplication is not likely to have contributed to the phenotype, since most patients with trisomy 18p have normal or mild phenotypes, and may or may not have ID [7] . Our patient displays some of the features of 18p-syndrome, such as ID, features of the HPE spectrum (mild microcephaly, single central maxillary incisor), and features evocative of Turner syndrome (short stature, mild webbed neck, pectus excavatum, broad trunk and narrow hips) ( Table 1) . Facial dysmorphism (triangular face, blue sclera, bilateral preauricular sinus) is different from that described for 18p deletion, excepting the oromandibular region. Facial appearance has changed over time, becoming elongated (Figure 2 ), as described also by Tsukahara et al. [8] . Congenital cardiac defects, present in our case, have been observed in 10.0% of cases of 18p- [9] . Although the phenotype described above is not characteristic for monosomy 18p, the standing position with widespread legs and leaning slightly forward as well as marked slowness in motion and action are very suggestive for this chromosomal syndrome.
Recurrent 16p11.2 microduplications were initially associated with phenotypes ranging from nor- 
mal to ID, autistic spectrum disorders and psychiatric problems [10] [11] [12] [13] . Other studies showed that these duplications can manifest with dysmorphic features without a recognizable pattern, microcephaly, congenital anomalies (including torticollis, cleft lip and palate, pectus excavatum, pectus carinatum, mild scoliosis, hypospadias, phimosis, tethered cord, pes planus), and seizures [14] . Jacquemont et al. [15] showed that 16p11.2 duplication is associated with a BMI <18.5 kg per m 2 in adults and <-2 SD from the mean in children. Among the features mentioned above, our patient exhibited mild microcephaly, pectus excavatum, mild scoliosis and ID, but these features are also described in 18p deletion. She was underweight during childhood, but recovered later, her BMI being within normal range as an adult. Considering that empiric estimate for penetrance of proximal 16p11.2 duplication established a penetrance of 27.2%, and the likelihood of a normal phenotype is ~73.0% [16] , we cannot clearly conclude how this copy number variation (CNV) influences the phenotype. More recently, a patient with thoracolumbar syringomyelia and a 16p11.2 duplication has been described [17] . Although our patient presented kyphoscoliosis and nocturnal enuresis, MRI of the spine showed no changes.
In a study of three patients with 18p deletion, Portnoi et al. [18] suggested that there might be a critical region for GH deficiency between 18p11.23 and 18pter. Our patient has a deletion which includes that region, but the level of GH is normal and the craniocerebral CT did not show any pituitary gland anomalies. The critical region for ID has been tentatively mapped between 18p11.1 and 18p11.21 [4] . Our patient has a deletion distal to this point and moderate ID, but this feature may be due to the 16p11.2 microduplication. Brenk et al. [19] proposed round face to map to the distal 1.6 Mb of 18p, and post-natal growth retardation and seizures to the distal 8 Mb. Our patient has a terminal deletion larger than 10 Mb, but she had no history of seizures, and the face was triangular in childhood and elongated in adulthood. Considering that a pointed chin can be noticed in five out of 13 patients with 16p11.2 duplication for which the facial features were presented [10, 14] , we appreciate that the triangular aspect of the face may be due to this rearrangement. Ptosis and short neck, frequently associated with 18p- [2] , were attributed by Brenk et al. [19] to the proximal half of 18p. These features were absent in our patient, in whom the proximal 5.1 Mb of 18p was not deleted. Thus, haploin-sufficiency of genes located in this region may be responsible for these features.
Our patient has a microform of HPE, although only 10.0% of patients carrying an 18p deletion (including the TGIF gene) present HPE [3] . Holoprosencephaly is a complex developmental disorder in which multiple genetic and environmental factors can affect the severity of the phenotype [20] . A recent array CGH study of a large group of HPE patients demonstrated a high frequency of submicroscopic anomalies involving known but also novel HPE loci, including 16p11.2 [21] . Therefore, the 16p11.2 micro duplication present in our patient can be a second genetic event contributing to HPE manifestation.
In conclusion, we report a female patient with a pseudodicentric 14;18 chromosome that carries two additional CNVs. These CNVs confer phenotypic variability to 18p-syndrome, leading to difficulties in establishing the contribution of each abnormality to the phenotype. Although the phenotype of 18p-syndrome is not as typical as for other syndromes, HPE microform and Turner stigmata associated with characteristic posture and marked slowness in motion and action is very suggestive for this syndrome. Microarray analysis of our patient allowed us to define precise molecular characterization of the translocation breakpoints and to uncover two unsuspected cryptic abnormalities, improving genotype-phenotype correlations and management.
